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ABSTRACT 
In this project, the King Devick and the Developmental Eye 
Movement tests were used to assess the saccadic eye movements in 
a population of Native American high school students. Results 
revealed that a significant percentage of the students had eye 
movement problems that could interfere with academic ability. This 
suggests that there might be an unmet need for vision therapy in this 
populat ion. 
KEY WORDS: Native American, saccadic eye movements, reading, 
King Devick Test, Developmental Eye Movement Test 
4 
INTRODUCTION 
When children play, if they can't follow a ball with their eyes, they 
aren't likely to catch it. As a rule, inability or failure causes disinterest 
in even simple games, and children no longer choose to participate. 
However, in the classroom, children must "play the learning game," 
even if they have visual dysfunctions. 
It is estimated that 80-90% of individual learning occurs through 
eyesight (Kavner & Dusky, 1978). In fact, vision is so important that 
29 states legally require vision testing for all school-age children 
(Kolbe, 1988), and 42 states provide early and subsequent visual 
screening and treatment for children that receive Medicaid (Leske, 
Rosenthal, & Soroka, 1981 ). Waigandt, Brown, Waigandt, McDougall, 
and Brand (1989) reported that there is a high prevalence of visual 
problems among school-age children. Additionally, surveys have 
shown that approximately 25% of school-age children have some 
type of eye problem, and vision difficulties are the second most 
prevalent health problem within this age group. Waigandt, et al. 
(1989) indicated that vision problems in children can have multiple 
long-term effects, but are easily detected and treated. 
Sherman (1970) studied the visual evaluation results from 50 
learning disabled children in New York. He found that 96% of the 
children in his sample displayed eye movement dysfunction, which, 
along with other perceptual-motor visual difficulties, were strongly 
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related to the learning disabilities displayed by the children. 
(However, he found that the occurrence of "traditional" visual deficits, 
such as poor visual acuity, and refractive errors, were not significantly 
related to learning disabilities.) Other authors have also reported a 
positive relationship between poor oculomotor functioning and poor 
reading ability (Lefton, 1978; Poynter, Schor, Haynes, and Hirsch, 
1982; Pavlidis, 1985). 
If children find that reading success is difficult to attain, their 
motivation to continue acquisition of reading skills decreases. If these 
children experience failure, frustration is inevitable. They can then 
become angry or withdrawn and cease their participation in the 
process of education (Kavner & Dusky, 1978). 
Both vision and reading are learned, complex processes (Garzia, 
Richman , Nicholson, & Gaines, 1990). One of many visual functions 
needed for word recognition and reading comprehension are good 
saccadic eye movements (quick abrupt voluntary shifts in eye 
position). Individuals with poor saccadic eye movements can omit 
words, skip lines, frequently lose their place while reading, and have 
poor comprehension. Also, many children with undeveloped eye 
movement skills attempt to compensate by utilizing head and neck 
movements. This not only makes reading slow and inaccurate, but it 
creates fatigue. 
Children with poor saccadic eye movements often do not have 
significant trouble learning to read in the first and second grade, but 
6 
they frequently start having trouble in third, fourth and fifth grades 
when they are no longer learning to read but begin reading to learn. 
TestinQ Saccadic Eye Movements 
Because good saccadic eye movements are so important in 
reading, several tests have been developed to evaluate them. The 
most popular of these tests are the King Devick test (Lieberman, 
Cohen, & Rubin, 1983; New York State Optometric Association, 1976; 
King & Devick, 1976) and the Developmental Eye Movement test 
(Garzia, Richman, Nicholson, & Gaines, 1990; Richman & Garzia, 
1987). 
The King Devick (KD) test consists of three subtests, each of which 
consists of 40 numbers printed on an 8 1/2 by 11 inch page. The 
subject's task is to read the 40 numbers aloud as rapidly as possible. 
In subtest 1, the numbers are printed on eight horizontal rows with 5 
numbers per line; the numbers are joined by solid horizontal guide 
lines to aid in making eye movements. Subtest 2 is the same as 
subtest 1, except that the guide lines are removed. Subtest 3 is the 
same as subtest 2, except that the numbers are placed closer 
together horizontally to increase their crowding. Times required to 
read the 40 numbers for each of the subtests are recorded as well as 
errors. Subject's scores are compared to national norms established 
for the test to determine eye movement ability. Failure is determined 
by having a score more than one standard deviation from the mean. 
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The Developmental Eye Movement test (OEM) also consists of 
three subtests with numbers printed on 8 1/2 by 11 inch pages. In the 
first two subtests, subjects are asked to read aloud 40 numbers which 
are printed in two vertical columns. For these subtests, the subject 
moves the eyes vertically down the columns. The third subtest 
consists of 80 numbers spaced randomly in 16 rows which the subject 
must read horizontally. Like the third subtest on the KD, this subtest 
increases the crowding of the numbers. Times required to read the 
numbers and the errors made on each of the subtests are recorded. 
Times are adjusted to compensate for errors before comparing the 
subject's performance to national norms. The first two subtests in 
which the eyes are moved vertically, provide an indication of the 
subject's ability to read numbers aloud (visual-verbal response time 
time, also known as automaticity) and the third subtest combines a 
measurement of automaticity with a test of the ability to move the eyes 
horizontally (saccadic eyed movements) .as is required in reading 
On the OEM, an indication of whether a subject's problem involves 
automaticity or saccadic eye movements can be obtained by 
considering the ratio of the horizontal time from subtest 3 divided by 
the vertical times from subtests 1 and 2. The DEM classifies subjects 
into four types. Type I subjects are those with normal vertical and 
horizontal times (i.e., normal ratios). Type II subjects have high ratios 
resulting from normal vertical times (indicating normal automaticity) 
and increased horizontal times (indicating difficulty with horizontal 
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saccadic eye movements). Type Ill subjects have normal ratios, but 
all subtests show increased times indicating a problem with 
automaticity. Type IV subjects also show increased vertical and 
horizontal times but the increase in horizontal time is greater than the 
vertical increase thus making the ratio abnormally high. Type IV 
subjects have both automaticity and horizontal saccade problems. To 
make these classifications, abnormally high scores are defined as 
scores more than one standard deviation above the mean. 
Purpose of This Study 
The purpose of this study was to investigate the saccadic eye 
movement skills of a population of regular and special classroom 
Native American high school students. 
Wick and Crane (1976) found that American Indian children they 
studied had significantly more hyperopia, astigmatism, exophoria and 
ocular pathology than did their Caucasian peers. This increased 
probability of vision problems suggests that the eye movement skills 
of this population might also show significant differences from the 
norms. It is also very unlikely that most American Indian children 
have ever been evaluated for oculomotor dysfunction, and those who 
have such dysfunctions are probably less likely to have been treated 
than their Caucasian counterparts. 
Goss and Edmondson (1988) found that in a subject pool with a 
large percentage of American Indian children, the average time to 
complete the KD was significantly longer than the national norms. 
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The only exceptions to this finding were the time scores for six year 
olds. These findings suggest that oculomotor dysfunction among 
American Indian children is at least as frequent, if not more frequent, 
than it is in the majority population . 
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Since it has been shown that poor eye movement skills are related 
to reduced reading ability, which in turn can affect academic 
achievement, the specific goals of this study were to compare the eye 
movement skills of Native American boarding school students to 
national norms. Additionally, this study compared the eye movement 
skills of students in regular classrooms to those of students in special 
classrooms (i.e., classrooms in which students are placed for 
additional academic, behavioral, and/or emotional support) . 
Discovery of a significant number of Native American children with 
previously unknown eye movement problems would suggest an 
unmet need in this population which should be considered by those 
responsible for the educational and visual care of Native American 
children. 
Hypotheses 
It was hypothesized that Native American students would have a 
higher rate of visual dysfunctions than the national norms on the KD 
and the OEM tests. It was also hypothesized that Native American 
students placed in special classrooms would have poorer saccadic 
eye movement abilities than those in regular classrooms as 
measured by these tests. 
SUBJECTS AND METHODS 
Subjects 
Subjects were 49 Native American (i.e., American Indian and 
Alaskan Native) adolescents (mean age of 16.3 years) representing 
13 states and 34 different tribes. They were enrolled at Chemawa 
High School in Salem, Oregon, which is a residential school for 
Native Americans. Admission to school is open to all Native 
Americans on a space available basis, and most students regard 
attendance at Chemawa as an honor. Of the 49 subjects who 
volunteered to participate in the project, 34 attended regular classes, 
and 15 were enrolled in special classes. Regular and special 
classroom students did not differ significantly in mean age, grade 
level, near visual acuity, or stereopsis. 
To participate in the study, all subjects were required to be free of 
significant visual or systemic pathology, were required to have 20/40 
near visual acuity or better, and were required to cooperate willingly 
and fully in the testing. No compensation for participation was 
provided. 
Methods 
Testing was conducted with subjects individually seated in a quiet 
room with good lighting. Following a brief history, the nature of the 
tests to be administered was explained, and near visual acuity and 
stereopsis were tested. Then the KD and the OEM tests were 
administered according to the procedures specified by the test 
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developers in a counterbalanced sequence. Results were recorded 
and used to determine pass or fail for the KO and classification type 
for the OEM. 
RESULTS 
Results from the KO and OEM tests are shown on Table 1 along 
with national norms provided by the test developer for 14 year olds 
(KO test) and 8th graders (OEM test). These norms are for students 
slightly below the ages and grades of the subjects in this study, but 
they are the best norms available and approximate adult values. 
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Note that the values for the special classroom students all indicate 
decreased performance as compared to the national norms and to the 
regular classroom students. To determine if these differences were 
statistically significant, single group, one-tailed t-tests were used to 
compare the special students to national norms (no tests were done 
to compare the regular classroom students to the norms because 
these students performed better than the norms on all measures). 
Independent group, one tailed t-tests were used to compare the 
regular and special classroom students. A single asterisk following 
the value for the special classroom students indicates that the regular 
and special students differ at the p.::;, .05 level and two asterisks 
indicate that the special classroom students differ from the norms at 
the p.::;, .01 level. 
As a group, the special classroom students had more trouble with 
the KO and OEM than did the regular classroom students. To 
demonstrate the extent of their difficulties, pass/fail rates were 
calculated for the KO by using the mean plus one standard deviation 
for total time as a failure criterion, and OEM diagnostic types were 
determined by using the test developers' mean plus one standard 
deviation values to determine a significant difference from expected 
values. Typing was then done as described previously. Results are 
shown on Table 2. Note that 88% of the students in the normal 
classroom passed the KO and 60% of the special students failed. 
Similarly, 79% of the regular students are OEM type 1 (normal) , but 
only 33% of the special students are type 1. Special classroom 
students are almost three times as likely (15% versus 40%) to be a 
type II or IV (indicating a possible saccadic eye movement problem) 
than regular students. 
To determine how reliably the KO and the OEM tests had 
classified students as having normal eye movements or eye 
movement dysfunctions, a contingency table was constructed and is 
presented as Table 3. This Table compares OEM type classifications 
with KO pass/fail status for each student. In general, the results of the 
two tests agreed well with each other. Thirty-one of the students 
passed both tests, and 8 demonstrated eye movement problems (KO 
fail and OEM type II and IV) on both . The remaining students showed 
problems that might be related to automaticity rather than saccades. 
One OEM type I (normal) student failed the KO, and one OEM type II 
(oculomotor dysfunction) subject passed the KO. One OEM type IV 
1 3 
(oculomotor and automaticity dysfunction) subject passed the KO; 
however, in this case, the KD appears to have indicated a false 
negative. Additionally, the KO scores indicated that three subjects 
with automaticity difficulties (OEM type Ill) had oculomotor 
dysfunctions; therefore, the KD indicated false positives. These three 
subjects represented 50% of the total subjects in the OEM type Ill 
category. 
DISCUSSION 
It was initially hypothesized that the Native American students in 
this study would have more saccadic eye movement problems than 
the population used to establish national norms for the KO and OEM. 
However, the mean scores for the regular classroom students were 
better than the national norms on all tests; as a group, these Native 
Americans did not show any significant problems with saccades. 
Using a mean plus one standard deviation criterion for determining 
pass/fail scores (and assuming a normal distribution), typically 
approximately 16% of any population should fail and so the regular 
classroom failure rate of 12% for the KO and 21% for the OEM is not 
unexpected. These results suggest that there is a not major 
difference between the the regular classroom Native Americans and 
the populations used to norm the KD and OEM tests. 
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Even in the population of regular classroom students, there were 
still 4 who did not pass the KD and 5 who demonstrated saccadic eye 
movement problems on the OEM (type II and IV). It is entirely possible 
that the academic abilities of these students were limited by their 
reading/saccadic eye movement skills, and it is further possible that 
their reading skills could be enhanced by training them how to make 
better eye movements. 
Students in the special classrooms demonstrated a stronger need 
for saccadic training; over half of them failed the KO and 40% were 
OEM types II and IV. Many of these students probably have 
significant reading limitations and might have been placed in special 
classrooms as a direct or indirect consequence of these limitations. 
Results for these students are consistent with those from other 
studies. Lefton (1978), Poynter, Schor, Haynes, & Hirsch (1982), 
Pavlidis (1985), and Sherman (1970) have found that there is a 
higher incidence of oculomotor dysfunction in children receiving 
special classroom interventions, but there is not a perfect correlation 
between oculomotor dysfunction and learning disability (King & 
Devick, 1976). Goss and Edmondson's (1988) finding that in a 
population with a large proportion of American Indian children, the 
average time to complete the KO was significantly longer than the 
national norms was not replicated by the regular classroom group in 
the present study. However, the scores of special classroom students 
do support Goss and Edmondson in that they were significantly 
longer than normal. 
The final goal of this project was to compare the KO to the OEM as 
a means of identifying students with saccadic eye movement 
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problems. Data from Table 3 indicate that there was good agreement 
between the results of the two tests, but the KD would pass 3 students 
who were OEM type II and IV, and would fail one student who 
appeared normal on the OEM. It is difficult to know which test gave 
the "correct" findings for these students, but the ability of the OEM to 
separate difficulties into automaticity or saccadic eye movement 
related problems probably gives this test the edge as a screening 
tool. 
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While this study did not find that Native American students 
attending regular classes had an increased incidence of saccadic eye 
movement problems, it is evident that those who had been placed in 
special classes had an increased incidence of oculomotor 
dysfunction as compared to their peers. If nothing else, these 
students deserve the same opportunity to receive intervention as the 
general population, but they do not currently reside in an environment 
that provides them with an opportunity for appropriate therapy once a 
diagnosis of poor eye movement skills has been made. Hopefully, 
this study which documents the needs of both normal and special 
classroom Native American students for eye movement skill 
enhancement will result in the development of a program to provide 
this much needed service . 
REFERENCES 
Garzia, R., Richman, J. , Nicholson, S., & Gaines, C. (1990}. A new 
visual-verbal saccade test: The Developmental Eye Movement 
Test (OEM). Journal of the American Optometric Association, 
.61(2), 124-135. 
Goss,D., & Edmondson,L. (1988) Proceeding of the 1988 
Northeastern State University Symposium on Theoretical and 
Clinical Optometry. Northeastern State University, Tahlequah, 
Oklahoma, March 25,1988. 
1 7 
Leske, M.C., Rosenthal, J. , & Soroka, M. (1981 ). Vision screening 
requirement under 52 early and periodic screening diagnosis and 
treatment (EPSDT) programs. Public Health Reports,~. 404-409. 
Kavner, R.S., & Dusky, L. (1978). Total vision. New York: 
A & W Visual Library. 
Kolbe, L.J . (1988). School health in America assessment of state 
policies to protect and improve health of student. Kent, OH: 
American School Health Association. 
King, A.T., & Devick, S. (1976). The proposed KinQ-Devick Saccade 
Test and its relation to the Pierce Saccade Test and readinQ . 
levels. Unpublished senior research project, Illinois College of 
Optometry, Chicago, IL. 
Lefton, L.A. (1978). Eye movements in reading disabled children. In 
J.W. Senders, D.F. Fisher, & R.A. Monty (Eds.), Eye movements 
and higher psychological functions (pp. 225-237) . Hillsdale, NJ: 
Lawrence Erlbaum Associates. 
Lieberman, S., Cohen, A.H., & Rubin, J. (1983). NYSOA K-D test. 
Journal of the American Optometric Association, 54(7), 631 -637. 
New York State Optometric Association (1976). K-D Test. 
South Bend, IN: Bernell Corporation . 
Pavlidis, G. (1985). Eye movements in dyslexia: Their diagnostic 
significance. Journal of Learning Disabilities, 1.8.. 42-50. 
Poynter, H.L., Schor, C., Haynes, H.M., & Hirsch, J. (1982). 
Oculomotor functions in reading disability. American Journal of 
Optometry and Physiological Optics, 2l, 116-127. 
Richman, J.E., & Garzia, R.P. (1987). Developmental Eye Movement 
Test (OEM). South Bend, IN: Bernell Corporation . 
1 8 
Sherman, A. (1970, November). Relating visual disorders to learning 
disability. Paper presented at the meeting of A Symposium-Vision 
and Scholastic Performance, New York. 
Waigandt, A., Brown, J., Waigandt, M., McDougall, J., & Brand, R. 
(1989). Vision screening of school age children in Missouri. 
Journal of the American Optometric Association. QQ.(8), 596-600. 
Wick, B., & Crane, S. (1976). A vision profile of American Indian 
children. Journal of Optometry and Physiological Optics.~. 
34-40. 
KING DEVICK 
Total Time 
Total Errors 
OEM 
Vert Time 
HorTime 
Errors 
Ratio 
TABLE 1 
TEST AND NORM DATA 
NORM 
50.5 (5.8) 
0.47 
32.6 {5.7) 
35.3 (6.9) 
0.94 (1.5) 
1.09 (0.1) 
REGULAR 
47.8 {9.3) 
0.29 (0.9) 
31 .7 (6.1) 
34.3 (8.1) 
0.65 (0.9) 
1.08 (0.1) 
SPECIAL 
63.3 {13.6)** 
1.07 (1.67)* 
41.0(11.3)** 
47.0 (19.2)** 
2.07 (3.0)* 
1.18 (0.3)* 
NOTE: Values shown are means with standard deviations in 
parentheses. A single asterisk after the special classroom data indicates 
that the regular and special means differ at the Q 5 .05 level, and two 
asterisks indicate that the mean of the special data also differs from.the 
national norms at the Q 5 .01 level. 
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TABLE 2 
KING DEVICK PASS RATES AND OEM TYPING FOR REGULAR AND 
SPECIAL CLASSROOM STUDENTS 
KING DEVICK 
Pass Rates 
OEM 
Type I 
Type II 
Type Ill 
Type IV 
Types II & IV 
REGULAR SPECIAL 
30/34 (88%) 6/15 (40%) 
27/34 (79%) 5/15 (33%) 
1/34 (3%) 2/15 (13%) 
3/34 (9%) 3/15 (20%) 
4/34 (12%) 4/15 (27%) 
5/34 (15%) 6/15 (40%) 
NOTE: Number of students in each category is shown over the total 
number of students in the classroom. Values in parentheses are 
percentages of the total number of students in the classroom. 
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TABLE 3 
CONTINGENCY TABLE FOR KD AND DEM TESTS 
TYPE I 
KD PASS 31 
KD FAIL 1 
OEM TYPES 
TYPE II 
1 
2 
TYPE Ill 
3 
3 
TYPE IV 
7 
II & IV 
3 
8 
NOTE: KD and DEM failures were based on scores more than one 
standard deviation form the national norm. 
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